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(54) PROCESS FOR PREPARING ALKYL ESTERS OF FATTY ACIDS FROM FATS AND OILS 



(57) Provided is a process for producing a fatty acid 
alkylester through a transesterification of triglyceride 
contained in a fat and oil by causing the fat and oil and 
an alcohol to react with each other. In this process, the 
reaction is performed in an atmosphere in which the 
alcohol is in super-critical state in the absence of a 
metal alkali catalyst and an acid catalyst. This makes it 
possible to eliminate a pre-treatment process for esteri- 
fying free fatty acids contained in the fat and oil and, in 
addition, to eliminate or simplify recovering and refining 
processes of the reaction product by suppressing the 
by-production of a fatty acid soap. 
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Description 
Technical Field 

[0001] The present invention relates to a process s 
for preparing or producing a fatty acid alkylester which 
can be effectively used as a fuel oil for diesel engines, 
for instance, through a transesterification of triglyceride 
contained in a variety of fats and oils including plant oils 
such as rape oil, sesame oil, soybean oil, corn oil, sun- 10 
flower oil, palm oil, palm kernel oil, coconut oil, corn oil 
and safflower oil, animal oils such as beef fat, lard and 
fish oil, and, in addition, waste edible oils, i.e., spent oils 
of these plant and animal oils , with an alcohol. 

"* " 15 

Background Art 

[0002] Currently, large quantities of edible fats and 
oils as mentioned above are used in our country. 
Although a certain part of spent, oils (aforementioned 20 
waste edible oils) is recycled as a raw material for pro- 
ducing soap, for example, they are mostly conveyed to a 
refuse dump without being recovered to be burned 
together with other combustible wastes or disposed in 
landfills together with incombustible wastes in actuality. 25 
[0003] It has been known that a fatty acid alkylester 
could be obtained by subjecting major ingredients of 
fats and oils such as monoglyceride, dig tyce ride and 
triglyceride, to a transesterification with an alkyl alcohol 
(Handbook of Organic Chemistry, published by Gihodo 30 
Shuppan, 1988, pp. 1407-1409). Various attempts 
using the transesterification have thus far been made to 
produce an alkylester usable as a diesel engine fuel oil 
from the aforementioned oils and fats, as disclosed in 
Japanese Unexamined Patent Publication Nos. 7- 35 
1 97047 and 7-31 0090, for example. It has not been pos- 
sible, however, to obtain any alkylester complying with 
current requirements of the Japanese Industrial Stand- 
ards (JIS) imposed on light oil products by such prior art 
technology. 40 
[0004] . . In a ty^icalj ndustrial process for a oroduc - _ 
tion of a fatty acid ester from triglyceride, in particular 
triglyceride contained in natural fats and oils, a fatty acid 
glyceride is caused to react with a lower alcohol in the 
presence of a metal alkali catalyst at normal pressure 45 
and at a temperature near the boiling point of the lower 
alcohol. The reaction process, however, uses the metal 
alkali catalyst dissolved in the reaction solution. There- 
fore, the metal alkali catalyst remains dissolved in the 
liquid reaction product obtained by this reaction proc- so 
ess, resulting in a problem that it is difficult to separate 
and recover the metal alkali catalyst from the liquid 
reaction product. 

[0005] There are another problems as follows. Nat- 
ural fats and oils generally contain a large amount of, 55 
i.e., mTesterifje^fatt^adds. The amount of free fatty 
acids depends on origins of the raw material fats and 
oils and processes of them. On the average, it is more 



than 3 weight% of the fats and oils. When a metal alkali 
catalyst is used in the reaction solution having a large 
amount of free fatty acids, a fatty acid soap may be gen- 
erated as a by-product of the transesterification, result- 
ing in the need of an excessively large amount of the 
metal alkali catalyst. Alternatively, t he fatt y acid soap 
makes it difficult to separate a fatty acid ester layer from 
a glycerin layer in the liquid reaction product. To solve 
these problems, a pre-treatment process for removing 
the free fatty acids from the reaction solution is neces- 
sary for a transesterification of a fatty acid glyceride with 
an alcohol in the presence of the metal alkali catalyst. 
[0006] To solve the above-mentioned problems, 
Japanese Unexamined Patent Publication No. 61- 
14044 discloses a process of transforming the free fatty 
acids into a fatty acid ester in the presence of an acid 
catalyst as the pre-treatment process for removing the 
free fatty acids. That is, in this process, the free fatty 
acids are pre-treated to be transformed into an ester, 
jpjlpwed by a transesterification of a fatty acid glyceride 
in the presence of a metal alkali catalyst. However, 
when the transesterification is performed with the acid 
catalyst, which has been used in the pre-treatment 
process, remaining in the reaction solution, a part of the 
metal alkali catalyst to be used for the transesterification 
is neutralized by such a remained acid catalyst Thus, 
there exists a problem that such a transesterification 
requires an increased amount of the metal alkali cata- 
lyst to compensate for the neutralized part of the metal 
alkali catalyst. 

[0007] In addition, Japanese Unexamined Patent 
Publication No. 6-313188, for example, suggests a 
process for producing a fatty acid ester in which a solid 
acid catalyst is used to eliminate the need of the above- 
mentioned pre- treatment process. However, acid cata- 
lysts including the solid acid catalyst have a serious 
drawback, that is, their catalytic activity is lower than 
that of metal alkali catalysts in the transesterification of 
fats and oils. Thus, there exists a problem that the trans- 
esterification using acid catalysts needs a larger cata- 
lyst amount 

[0008] The present invention is aimed at overcom- 
ing the aforementioned problems residing in the prior art 
technology. It is therefore an object of the invention to 
provide a process for preparing or producing a fatty acid 
alkylester from fats and oils, in which it is possible to 
eliminate the pre-treatment process for esterifying the 
free fatty acids contained in the fats and oils and, by 
suppressing the by-production of a fatty acid soap, to 
eliminate or simplify recovering and refining processes 
of the reaction product. • " 



Disclosure of the Invention 

[0009] According to a main feature of the present 
invention, in a process for producing a fatty acid 
alkylester through a transesterification of triglyceride 
contained in a fat and oil by causing the fat and oil and 
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an alcohol to react with each other, the reaction 
between the fat and oil and the alcohol Is performed in 
an atmosphere in which the alcohol is in super-critical 
state in the absence of metal alkali and acid catalysts. 
[0010] In a preferred form of the invention, the 5 
transesterification is performed in a tube reactor 
through which the fat and oil and the alcohol are passed 
continuously to react with each other. In such a case 
that the tube reactor is used, the liquid hourly' space 
velocity of triglyceride in the tube reactor is preferably 10 
set to 2 to 240/hr. In addition, the preferable alcohol may 
be a lower alcohol having 1 to 5 carbon atoms per mol- 
ecule, from the viewpoint that the process for the 
present invention is particularly useful for the production 
of high quality fatty acid lower alky I ester to be used as a 15 
diesel engine fuel oil. 

Best Mode for Carrying out the Invention 

[0011] The inventors have, performed an intensive _20. 
study from a various point of view to find out a solution 
of the foregoing problems of the prior art. As a result, it 
has been found that an alkylester can be effectively pro- 
duced from triglyceride contained in a fat and oil in the 
absence of a metal alkali catalyst and an acid catalyst 25 
by reacting the fat and oil with an alcohol in an atmos- 
phere in which the alcohol is in a super-critical state. 
According to the process for the present invention, since 
none of a metal alkali catalyst and an acid catalyst is 
used for the reaction, eliminated can be the need of a 30 
pre-treatment process for esterifying free fatty acids 
contained in the fat and oil. In addition, using no metal 
alkali catalyst can eliminate or simplify the recovering 
and refining processes of the reaction product by sup- 
pressing the by-production of a fatty acid soap. 35 
[0012] According to the present invention, the fats 
and oils include natural plant oils and animal oils. As 
plant oils, coconut oil, palm oil, palm kernel oil, soybean 
oil, rape oil or the like can be used. As animal oils, beef 
fat, lard, fish oil or the like can be used. In addition, the 40 
fats and oils may include waste edible oils, i.e.; spent 
oils of these natural oils for a particular purpose. 
Although these fats and oils can be used singly or in 
combination, it is desirable to use waste edible oils to 
promote the/ecycling of resources. 45 
[0013] On the other hand, as the alcohol to react 
with the fats and oils, it is preferred to use an alcohol 
having 1 to 5 carbon atoms per molecule such as methyl 
alcohol, ethyl alcohol, propyl alcohol and isopropyl alco- 
hol, from the viewpoint of the production of lower so 
alkylester to be used as a high quality diesel engine fuel 
oil. Of these, methyl alcohol is most preferable, because 
it costs low and can be recovered more easily. 
[0014] What is most characteristic of the present 
invention is performing the transesterification using the 55 
above-mentioned raw materials in an atmosphere in 
which the alcohol is in a super-critical state. The rea- 
sons why the process according to the characteristic 



has the above-mentioned effects have been considered 
as follows. 

[0015] In the case that methyl alcohol is used as the 
alcohol, if the methyl alcohol is under the condition for 
making the methyl alcohol be in a super-critical state, 
the methyl alcohol dissociates into CH 3 0" and H + ions 
so that it is activated. And then the proton (H*) also acti- 
vates triglyceride. Consequently, it is considered that 
the transesterification between methyl alcohol and trig- 
lyceride proceeds effectively. The inventors have tested 
the effects through experiments and found that, when 
methyl alcohol is used, the methyl alcohol can be in a 
super-critical state in the presence of fats and oils under 
a condition of 250 °C or more and 9 MPa or more, 
thereby allowing the transesterification to proceed with- 
out a catalyst under such a condition. 
[0016] Another technology has also been known in 
which the reaction efficiency of the transesterification 
can be improved by performing the transesterification at 
-.high temperature. and high pressure. \JAOCS" (vol. 61, 
no. 2, p343, 1 984), for instance, discloses a transester- 
ification using methyl alcohol under a condition of 240 
°C, 9 MPa. However, the transesterification in this prior 
art technology is supposed to be performed in the pres- 
ence of a metal alkali catalyst. In addition, under the 
above-mentioned prior art condition, the coexistence of 
the fats and oils in the reaction solution prevents the 
methyl alcohol from being in a super-critical state. As to 
the prior art technology, the inventors have confirmed 
that the transesterification hardly proceeds without a 
catalyst under such a condition. In order to make an 
alcohol, e.g., methyl alcohol in the above-mentioned 
example, be in a super-critical state, the relationshi p 
b etween temperature and pressure is also importan t. 
Considering this, the condition of the above-mentioned 
prior art technology may not satisfy such an appropriate 
relationship between temperature and pressure for 
making methyl alcohol be in a super-critical state. 
Therefore, the alcohol cannot be chemically- activated 
sufficiently under the prior art condition and, thereby, 
this prior art technology needs a metal alkali catalyst for 
the transesterification. 

[0017] The pressure and temperature in the proc- 
ess for the present invention are not specifically limited, 
if they meet the condition for making the alcohol com- 
pletely be in a super-critical state. The condition 
depends on the kind of the alcohol that is used. In the 
case that a lower alkyl alcohol is used, the condition is 
generally made as the following pressure and tempera- 
ture ranges: the reaction temperature is usually within a 
range of 250 to 300°C ( preferably 250 to 280°C; the 
pressure is generally within a range of 3 to 15 MPa, 
preferably 5 to 13 MPa. When the temperature arid 
pressure are lower than these ranges, the alcohol can- 
not be satisfactory kept in a super-critical state. On the 
other hand, when the temperature is higher than the 
range, a large amount of the reaction product may be 
thermally decomposed. Further, when pressure is 
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greater than the range, such high pressure results in a 
drawback of being uneconomica l. As explained above, it 
is obviously important to further satisfy the appropriate 
relationship between the temperature and pressure in 
order to keep the alcohol in super-critical state, even if 5 
respective values are fall in the above mentioned 
ranges. 

[001 8] To cause triglyceride and the alcohol to react 
with each other, although a batch reaction is possible, 
preferred is a continuous reaction in which a reaction w 
time under the above-mentioned condition of high tem- 
perature and high pressure is controlled more easily. In 
particular, under a condition of higher than 250 °C, it is 
essential to control the reaction time within 30 minutes, 
preferably 5 minutes, in order to suppress the thermal 15 
decomposition of glycerin or the like. Thus, in a pre- 
ferred form of the present Invention, the transesterifica- 
tion is performed in a tube reactor through which the 
raw materials, i.e., fats and oils and alcohol, are passed 
continuously to react with each other... ._ 20 
[0019] When the tube reactor is used, the liquid 
hourly space velocity of triglyceride in the reactor is 
preferably set to 2 to 240/hr. In the case that the liquid 
hourly space velocity is lower than 2/hr, the productivity 
per unit volume of the reactor decreases, thereby being 25 
uneconomical. On the other hand, in the case that the 
liquid hourly space velocity is greater than 240/hr, a sat- 
isfactory high reaction rate cannot be obtained. The 
more preferable liquid hourly space velocity, therefore, 
is 1 2 to 1 20/hr. In the process for the present invention, 30 
though the reaction may proceed sufficiently even in a 
short reaction time due to such a high reaction temper- 
ature, the preferable reaction time is at least 0.25 
minute or more. This is because the reaction may not 
reach an equilibrium state within a reaction time of less 35 
than 0.25 minute. The above-mentioned liquid hourly 
space velocity is defined as a supply amount by volume 
of triglyceride at 1 5 °C, 1 atm. 

[0020] The suitable molar ratio of the alcohol to trig- 
lyceride in this process is 1 .2 to 50 times, more prefera- 40 
bly 1.2 to . 30 times, as much as the amount ... 
stoichiometrically required for transesterification of the 
triglyceride. In the'case that the molar ratio is less than 
1 .2 times as much as the required amount, it is difficult 
to keep the alcohol in super-critical state throughout the 45 
reaction. In the other case that the molar ratio is more 
than 50 times as much as the required amount, there 
exist uneconomical problems such as a low efficiency 
per volume of the reactor and an increased amount of 
the alcohol to be recovered . so 
[0021] The liquid reaction product obtained by the 
above-mentioned reaction contains glycerin and a lower 
alcohol in addition to a fatty acid ester, i.e., a final prod- 
uct of the present process. Durijojhe reaction. g lycerin h 
in the j eaction solution slightly de c reases the eguj lih-' 55 
num re action rate, since the solubility of glycerin to the 
Tat and oil increases due to the alcohol in the supercriti- 
cal state. The desired reaction rate, however, can be 



attained by a multistage reaction proces s, in which the 
reaction temperature or pressure is lowered on the way 
of the reacti on to separate and remove a layer of the 



olvcerin and then raised again to perform the rest of the 
reaction. 

[0022] The liquid reaction product flowed out of the J> 
continuous reactor is supplied into a distiller to remov e > ( 
the alcohol there in, followed by a "general separation^ 
process such as a centrifugal separation and a stafion-V 
ary separation to separate an oil layer (a fatty acid ester) ^ 
and a glycerin layer (glycerin) in the liquid reaction prod- 
uct. When the oil layer contains the raw material oil that > 
remajns^unrj eacted. the oil layer n py hp djstilled to \ 
obtairTa high quality fatty acid esterbv removing the . J 
unre acted raw material oil. 

Examples 

[0023] The invention is now described in further 
detail.with reference to. some practical examples of its 
embodiment. It is to be understood that the mode of car- 
rying out the invention is not limited to the following 
practical examples, but various modifications may be 
made therein within the spirit and scope of the inven- 
tion. 

Example 1 

[0024] 75 g of the total weight of edible rape oil and 
edible soybean oil (manufactured by The Nissin Oil 
Mills, Ltd.) and 72 g of methyl alcohol (9 times by mole 
as much as the amount stoichiometrically required for 
reacting with triglyceride contained in these oils) were 
mixed in a 300 ml autoclave that is made of stainless 
steel. The mixture was heated to keep it at 260 °Cfor10 
minutes. In this step, the pressure of the mixture was set 
to 8.4 MPa. Then, the mixture was quenched to sepa- I 
rate a glycerin layer and an oil layer in the mixture. The | 
m ethyl e ster production ratio in the oil layer was 54 % by 
a measurement using a gas chromatography. 

Comparative Example 

[0025] A reaction was carried out in the same man- 
ner as in Example 1 except that a reaction temperature 
was set to 240 °C. In this reaction, the pressure was set 
to 8.1 MPa. Then, the same analysis as Example 1 was 
made and the obtained fatty acid methyl ester produc- 
tion ratio of the oil layer was 3%. 

Example 2 

[0026] 69 g of unrefined palm oil having an acid 
value of 6 and 97 g of methyl alcohol (10 times by mole 
as much as the amount stoichiometrically required for 
reacting with triglyceride contained in the unrefined 
palm oil) were mixed in the same container as used in 
Example 1 . The mixture was heated to keep it at 280 °C 
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for 10 minutes. In this step, the pressure of the mixture 
was set to 11 MPa. Then, the same analysis as Exam- 
ple 1 was made and the obtained methyl ester produc- 
tion ratio in the oil layer was 55 %. 

5 

Example 3 

[0027] Into a stainless steel pipe having a diameter 
of 10 mm and a length of 100 mm, continuously fed 
were 1 .5 g per minute of the same fats and oils as used 10 
in Example 1 and 0.76 g per minute of methanol (5 
times by mole as much as the amount stoichiometrically 
required for reacting with triglyceride contained in the 
fats and oils). The liquid hourly space velocity of triglyc- 
eride in the pipe was set to 13.5/hr. The reaction tern- is 
perature was kept at 270 °C and the pressure was 
controlled to 12 MPa with an outlet control valve of the 
pipe. 

[0028] The obtained reaction product was sepa- 
rated into a^t ynerin layer and an oil lay er, followed by 20 
the analysis of the oil layer. As a result, the methyl ester 
production ratio of the oil layer was 60 %. 

Industrial Applicability 

25 

[0029] According to the aforementioned process for 
the present invention, it is possible to perform a transes- 
terification between a fat and oil and an alcohol effi- 
ciently without using a catalyst such as a metal alkali 
catalyst and an acid catalyst, by reacting the fat and oil 30 
with the alcohol in an atmosphere in which the alcohol is 
in a super-critical state. Because of no use of a catalyst, 
eliminated can be a pre-treatment process for esterrfy- 
ing free fatty acids contained in the fat and oil or remov- 
ing then from the fat and oil. A refining process for 35 
removing a catalyst, which has been needed in the con- 
ventional processes, can also be eliminated. Thus, 
processe s of the transesterification can be considerably 
simplified ~o r eliminated. The process for the present 
invention is particularly useful for the production of a 40 
lower- alkylester to be used as a diesel engine fuel oil. 

Claims 

1. A process for producing a fatty acid alkylester 45 
through a transesterification of triglyceride con- 
tained in a fat and oil by causing the fat and oil and 

an alcohol to react with each other, wherein the 
reaction between the fat and oil and the alcohol is 
performed in an atmosphere in which the alcohol is so 
in a super-critical state in the absence of a metal 
alkali catalyst and an acid catalyst 

2. The process according to claim 1, wherein the fat 
and oil and the alcohol are passed continuously ss 
through a tube reactor to react with each other. 

3. The process according to claim 2, wherein a liquid 



hourly space velocity of triglyceride in the tube 
reactor is set to 2 to 240/hr. 

4. The process according to any of claims 1 to 3, 
wherein the alcohol is a lower alcohol having 1 to 5 
carbon atoms per molecule. 
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